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© Coin validator. 

© A coin validator of a static capacitance system 
for discerning the thickness and/or pattern of a coin 
(1) in a non-contact manner. A pair of electrode 
assemblies (2, 3) including a first and a second 
sensor electrodes and a first and a second guard 
ring electrodes are disposed on the corresponding 
sides of a coin path. The first and the second guard 
ring electrodes prevent the dispersion of the electric 
lines of force generated by the first and the second 
sensor electrodes. The sensor electrodes are im- 
pressed with resonating output signals from resona- 
tors (7, 8). Under such condition, when the coin (1) 
passes through the coin path between these elec- 
trode assemblies (2, 3), the entire inter-electrode 
capacitance changes to fluctuate the resonating out- 

aput signal and hence allow the thickness and/or 
pattern of the coin to be detected. The guard ring 
electrodes of the electrode assemblies (2, 3) serve 
£*to focus the electric lines of force into a beam to 
thereby allow the thickness of the coin (1) to be 
CO detected finely. 
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COIN VALIDATOR 



This invention relates to coin validators used in 
various automatic service devices of a bending 
machine or the like, and more particularly to such 
validators which discern the thickness and/or pat- 
terns of coins in a non-contact manner. 

Electronic coin validators used very often today 
include an oscillator coll disposed on one side of a 
coin path and a receiver coil disposed on the other 
side of the coin path and coupled electromagneti- 
cally to the oscillator coil to detect the outer shape 
and material of a coin during its passage to deter- 
mine the validation and kind of the coin in accor- 
dance with an attenuated waveform of a voltage 
output by the receiver coil. 

These validators are suitable for detecting the 
diameter and material of a coin using the oscillator 
and receiver coil, but are not suitable for detecting 
the thickness and pattern of the coins. If these 
validators detect the thickness and pattern of a 
coin, a signal containing a component depending 
on the material of the coin appears in the receiver 
coil output, so that it is necessary to provide a 
circuit to eliminate signal components depending 
on the coin material for this material, and hence the 
structure of the validator would be complicated. In 
order to respond to a change in the thickness of its 
details such as a pattern, the coin must be stopped 
temporarily, or an extremely high speed circuit unit 
must be used, so that the mechanism and circuit 
structure would be complicated. It Is impossible to 
discern a false coin, especially, of the same ma- 
terial and shape as a genuine one using such 
selective method. 

Generally, the face of a false coin is flat while 
the face of a genuine coin has a rugged pattern 
and an uneven thickness. 

A method of selecting a coin in accordance 
with a varying electrode capacitance due to a rug- 
ged face or appearance of the coin, namely, caus- 
ed by inserting the coin between a pair of elec- 
trode plates, is disclosed, for example, in Japanese 
Published Examined Patent Application Sho 39- 
21291. 

In the selective method disclosed in the Ap- 
plication, when a coin to be selected is inserted 
between the pair of electrode plates, the static 
capacitance present between the pair of electrode 
plates changes. Such pair of electrode plates are 
connected as one of the elements of a capacitor 
bridge or as one of oscillating elements of an 
oscillator to thereby select a coin using an unbal- 
ance in the capacitor bridge or an oscillation or 
non-oscillation of the oscillator. 

However, since the electrode structure includes 
a mere arrangement of two opposing electrode 



plates, the electric lines of force from the electrode 
plates are dispersed, so that a fine change in the 
rugged face of the coin cannot be detected, and 
secure detection cannot be achieved. 

5 It is therefore an object of the present Invention 
to provide a coin validator which discerns the thick- 
ness and/or pattern of a coin with high reliability. 

The present invention provides a coin validator 
comprising a first sensor electrode disposed on 

w one side of a coin path; a first guard ring electrode 
provided so as to surround the first sensor elec- 
trode for preventing the dispersion of the electric 
lines of force generated by the first sensor elec- 
trode; a second sensor electrode disposed on the 

75 other side of the coin path so as to oppose the first 
sensor electrode; a second guard ring electrode 
provided so as to surround the second sensor 
electrode for preventing the dispersion of the elec- 
tric lines of force generated by the second sensor 

20 electrode; an oscillator for outputting an oscillating 
signal of a predetermined frequency; a resonator 
resonating with the oscillating signal from the os- 
cillator for applying the resonating output therefrom 
to the first and second sensor electrodes; and 

25 means for detecting the nature of the coin In accor- 
dance with the output voltage signal from the reso- 
nator during the passage of the coin through the 
coin path. 

The electrodes disposed on the corresponding 

30 sides of the coin path, namely, the first and second 
sensor electrodes which detect a change in the 
inter-electrode capacitance generated during coin 
passage, and the first and second guard ring elec- 
trodes which prevent the dispersion of the electric 

35 lines of force generated by the first and second 
sensor electrodes apply across the coin path the 
electric lines of force due to a resonating output 
signal. When the coin passes between a pair of 
electrode assemblies, one assembly including the 

40 first sensor eiectrode and the first guard ring elec- 
trode, and the other assembly second sensor elec- 
trode and the second guard ring electrode, the 
static capacitance between the eiectrode assem- 
blies changes to thereby change the resonating 

45 output voltage. This change follows a change in the 
thickness and/or pattern of the coin. Thus the thick- 
ness and/or pattern of the coin are detected by a 
voltage or waveform indicative of this change. If the 
change in the resonating output voltage signal is 

so within a range of a predetermined reference volt- 
age, the coin is confirmed to be within an allowable 
predetermined thickness condition, if an output 
waveform is generated which crosses a predeter- 
mined voltage level several times, the coin is con- 
sidered to fluctuate within a predetermined thick- 
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ness range and can be determined to "have a 
pattern". In this case, the electric iines of force 
from the sensor electrodes are focused into a 
beam by the guard ring electrodes, so that the 
thickness of the coin can be detected finely. 

As just described above, according to the 
present invention, arrangement is such that the 
thickness and/or pattern of a coin is detected using 
a change in the static capacitance on the pair of 
electrode assemblies, and the magnitude of a 
change of and the waveform of the resonating 
voltage due to the change in the static capacitance. 
Therefore, the thickness and/or pattern of the coin 
is discerned with high reliability. 

Rg. 1 is a circuit diagram of one embodi- 
ment of the present invention. 

Rg. 2 illustrates the structure of a pair of 
opposite electrode assemblies; 

Rg. 3 is a waveform for illustrating a change 
in the resonating output waveform; 

Rg. 4 is a waveform illustrating the detection 
of the thickness of a coin; 

Rg. 5 illustrates the relationship between the 
thickness and capacitance of a coin; 

Rgs. 6 and 7 each are a waveform explain- 
ing the detection of a coin pattern; 

Rg. 8 is a waveform illustrating a process for 
setting a variable reference voltage to detect the 
thickness and pattern of a coin; 

Rg. 9 is a waveform illustrating another pro- 
cess for detecting a pattern; 

Rg. 10 is a circuit diagram of another em- 
bodiment of the present invention; and 

Rg. 11 illustrates the positional relationship 
between an electrode and a coin in Rg. 10. 

Rg. 1 is a circuit diagram of an embodiment of 
a coin validator according to the present invention. 
In Rg. 1, a pair of opposing electrode assemblies 2 
and 3 are disposed on the corresponding sides of 
a coin path so as to face the front and back faces 
of a coin 1. As shown in a cross section view of the 
coin path in Rg. 2, these electrode assemblies 2 
and 3 are constituted by sensor electrodes 4A and 
4B disposed at a center, and guard ring electrodes 
5A and 5B disposed so as to surround the cor- 
responding sensor electrodes In order to prevent 
the dispersion of the electric lines of force 6 from 
the sensor electrodes 4A and 4B, respectively. 

The sensor electrodes 4A and 4B are im- 
pressed with- the output signals from resonators 7 
and 8 which resonate with a resonating frequency 
fO determined by coils L1 and L2. capacitors C1 
and C2 and stray capacitances C1f and C2f includ- 
ing the capacitances inherent to the electrode as- 
semblies 2 and 3, respectively. The resonator 7 
receives v an oscillation signal from an oscillator 9 
which oscillates at a frequency f 1 while the resona- 



tor 8 receives an oscillation signal comprising an 
inverse of the oscillation signal from the oscillator 9 
and supplied via an invertor 10 and having an 
inverted polarity. In this case, the oscillation fre- 
5 quency f1 is set to a value higher than the resonat- 
ing frequency fO. When the resonator resonates at 
fO, a voltage V1 is generated across each of the 
capacitor C1 and C2. 

The outputs of the capacitances C1 and C2 are 
10 connected to the corresponding sensor electrodes 
4A and 4B and also connected to the inputs of 
buffers 11 and 12, the outputs of which are applied 
to the guard ring electrodes 5A and SB of the 
electrode assemblies 2 and 3 so as to prevent the 
75 dispersion of the electric lines of force 6 across the 
sensor electrodes 4A and 4B as shown in Rg. 2. • 
Different details of a coin can be seen by 
forming the electric lines of force 6 into a beam. A 
start point where the measurement of a detected . 
20 output at the position of the sensor electrodes is 
initially done is set surely. 

The outputs of the buffers 11 and 12 are con- 
nected to detecting and rectifying circuits 13 and 
14, respectively, where the signal components cen- 
25 tered at the frequency fO are changed into DC 
voltages, which are then added in an adder 15. The 
output of the adder 15 Is then input to a thickness 
detector 18 and a pattern detector 17. 

The thickness detector 16 determines whether 
30 the thickness of the coin Is appropriate by detect- 
ing whether a fluctuation of the voltage output from 
the adder 15 generated when the coin passes 
between the electrode assemblies is in a range 
corresponding to an appropriate thickness condi- 
35 tion. The pattern detector 17 detects the presence 
of a pattern depending on whether the fluctuation 
of the output voltage signal from the adder 15 is in 
a waveform range corresponding to the pattern of 
the coin. The results of the detections are delivered 
40 to a controller 18 where the validation and kind of 
the coin are determined. 

The operation of the arrangement performed 
when the coin 1 passes through the electrode 
assemblies 2 and 3 will be described. In a standby 
43 state, a voltage V1 is generated at a frequency f1 
across each of the capacitors C1 and C2 as shown 
in Rg. 3. The frequency fO is the resonant fre- 
quency In the standby state. Under such condition, 
when the coin is deposited to pass between the 
so electrode assemblies 2 and 3, the capacitance be- 
tween the electrode assemblies 2 and 3 changes 
during passage of the coin 1 , so that the curve on 
the resonating waveform shown in Rg. 3 moves 
from the position shown by the solid line to the 
55 position shown by the broken lines on a lower 
frequency side. At the frequency f1. the voltage 
across the capacitors C1 and C2 decreases from 
V1 to V2. In this case, a change in the capacitance 
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during passage of the coin is small, for example, 
0.1 pF or less, but that small change can be 
extracted as a large change In the voltage am- 
plitude because the resonating frequency deviates. 
Changes In the voltages across the capacitors C1 6 
and C2 are detected and rectified by the detecting 
and rectifying circuits 13 and 14 via the buffers 11 
and 12 into the waveforms a (solid line) and b 
(broken line) shown in Fig. 4, As shown in Fig. 5, 
the thickness (t) of the coin is represented by t = to 
D - (D1 + D2) where D is the distance between the 
electrode assemblies 2 and 3, D1 is the distance 
between the electrode assembly 2 and the front of 
the coin 1, and D2 is the distance between the 
electrode assembly 3 and the back of the coin 1. ts 
The waveform c (dot-dashed line) comprising the 
addition of the waveforms a (solid line) and b 
(broken line) in Fig. 4 has a correlation to the 
thickness of the coin (microscopically, the pattern 
on each of the faces of the coin) as obtained from 20 
the above equation. Namely,' if the waveform c is 
used, the thickness of the coin 1 having passed 
between the electrode assemblies 2 and 3 can be 
detected even if the coin 1 passes closer to the 
electrode assembly 2 than to the electrode assem- 25 
bly 3 and vice verse. 

The details of the thickness detector 16 are not 
shown. As shown in Fig. 4. a comparator or the like 
is used to detect whether the bottom of the 
waveform c is between set reference voltages Vth1 30 
and Vth2. While the details of the pattern detector 
17 are not shown, a reference voltage Vth3 is set 
as shown In Fig. 6 and the determination "there is 
a pattern" is done if the bottom of the waveform c 
crosses Vth3 three times or more. With a false coin as 
without patterns, the output waveform c of the 
adder 15 is shown by d (solid line) or e (broken 
line) in Fig. 7 and does not cross Vth3 three times 
or more. Therefore, it is determined that the coin 
has no patterns. 40 

While the above embodiments uses the fixed 
levels Vth1, Vth2, Vth3, they may be set variably 
as follows. As shown In Fig. 8, Vth1, Vth2 and Vth3 
are set at levels shifted by particular respective 
voltages ( a , 0 , 7 ) with reference to the minimum 45 
fall voltage level of the output waveform c from the 
adder 15. By such setting, the thickness and/or 
pattern of the coin can be, detected surely even if 
the ambient conditions change due to humidity 
and/or deposition of dust. 50 

Alternatively, by comparison between the out- 
put waveform c of the adder 15 and a delayed 
version c' of the waveform c, a pulse waveform 
corresponding to the ruggedness of the pattern is 
extracted, and the presence of the pattern can be 55 
detected using 'the number and width of pulses in 
the pulse waveform without using Vth3, as shown 
in Fig. 9. 



Unlike the above embodiment, the thickness 
and pattern of a coin can be detected by grounding 
the electrode assembly 3 at OV by using a change 
in the output voltage from the capacitor C1 due to 
a change in the capacitance between the coin 1 
and the electrode assembly 2 as shown in Fig. 10. 
In this case, the thickness detector 16 is^ required 
to function as a displacement detector 16 and the 
pattern detector 17 is required to function as a 
circuit to detect a pattern on one of the coin faces. 
It is necessary to set the relative relationship be- 
tween the coin 1 and the electrode assembly 2 
such that they have a constant distance D there- 
between as shown in Fig. 11- This can be easily 
realized by Inclining the coin path toward the elec- 
trode assembly 2 or 3. 

While in the above embodiment both the thick- 
ness and pattern of the coin have been described 
so as to be detected, arrangement may be such 
that only one of the thickness and pattern of the 
coin can be detected. 



Claims 

1. A coin validator in which a coin is validated 
In accordance with an output signal from sensor 
electrodes disposed along a coin path, character- 
ized by: 

a first sensor electrode disposed on one side of a 
coin path; 

a first guard ring electrode provided so as to sur- 
round the first sensor electrode for preventing the 
dispersion of electric lines of force generated by 
the first sensor electrode; 

a second sensor electrode disposed on the other 
side of the coin path so as to oppose the first 
sensor electrode; 

a second guard ring electrode provided so as to 
surround the second sensor electrode for prevent- 
ing the dispersion of electric lines of force gen- 
erated by the sensor electrode; 
an oscillator for outputting an oscillating signal of a 
predetermined frequency; 

a resonator resonating with the oscillating signal 
from the oscillator for applying a resonating output 
therefrom to the first and the second sensor elec- 
trodes; and 

means for detecting the nature of a coin in accor- 
dance with the output voltage signal from the reso- 
nator during the passage of the coin through the 
coin path. 

2. A coin validator according to claim 1. 
wherein the resonator comprises: 

a first and a second resonating circuits for applying 
resonating outputs of opposite polarities to the first 
and the second sensor electrodes, respectively; 
and 
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the detecting means comprises: 
a first and a second detecting and rectifying cir- 
cuits for detecting and rectifying output signals 
from the first and the second resonating circuits, 
respectively; 

an adder for adding the output signals from the first 
and second detecting and rectifying circuits; and 
a circuit for detecting the nature of the coin by 
comparing an output signal from the adder and a 
predetermined reference voltage. 

3. A coin validator according to claim 2, 
wherein the detecting circuit changes and sets the 
reference voitage in accordance with a minimum 
output fall voltage from the adder. 

4. A coin validator according to claim 2. 
wherein the detecting circuit compares the output 
signal voltages from the resonator with a first and a 
second reference voltages to determine that the 
coin is within a predetermined thickness condition 
when the output signal voitage from the resonator 
is between the first and the second reference vol- 
tages. 

5. A coin validator according to claim 2, 
wherein the detecting circuit determines that the 
coin has a pattern when the output signal voltage 
from the resonator crosses the predetermined ref- 
erence voltage by predetermined times. 

6. A coin validator according to claim 2, 
wherein the detecting circuit comprises: 

means for extracting a pulse waveform correspond- 
ing to a ruggedness of a pattern of the coin by 
comparing the output waveform of the adder and a 
delayed version of this output waveform; and 
means for detecting the presence of the pattern of 
the coin in accordance with the number and width 
of pulses in this pulse waveform. 

7. A coin validator according to claim 1, 
wherein one of the first and the second sensor 
electrodes is impressed with the output of the 
resonator and the other one of the first and the 
second sensor electrodes is grounded. 

8. A coin validator according to claim 1, 
wherein the first and second guard ring electrodes 
are impressed with signals changing depending on 
changes in the signals applied to the first and the 
second sensor electrodes, respectively. 

9. A coin validator in which a coin is validated 
in accordance with an output signal from sensor 
electrodes disposed along a coin path, character- 
ized by: 

a first sensor electrode disposed on one side of a 
coin path; 

a first guard ring electrode provided so as to sur- 
round the first sensor electrode for preventing the 
dispersion of electric lines of force generated by 
the first Sensor electrode; 

a second sensor electrode disposed on the other 
side of the coin path so as to oppose the first 



sensor electrode; 

a second guard ring electrode provided so as to 
surround the second sensor electrode for prevent- 
ing the dispersion of electric lines of force gen- 
5 erated by the sensor electrode; 

an oscillator for outputting an oscillating signal of a 
predetermined frequency; 

a resonator resonating with the oscillating signal 
from the oscillator for applying a resonating output 
to therefrom to the first and the second sensor elec- 
trodes; 

means for detecting a thickness of a coin in accor- 
dance with an output voltage signal from the reso- 
nator during the passage of the coin through the 

is coin path; and 

means for detecting a pattern of the coin in accor- 
dance with the output signal voltage from the reso- 
nator during the passage of the coin. 

10. A coin validator according to claim 9, 

20 wherein the resonator comprises: 

a first and a second resonating circuits for applying 
resonating outputs of opposite polarities to the first 
and the second sensor electrodes, respectively; 
and 

25 the thickness detecting means comprises: 

a first and a second detecting and rectifying cir- 
cuits for detecting and rectifying output signals 
from the first and the second resonating circuits, 
respectively; 

30 an adder for adding the output signals from the first 
and the second detecting and rectifying circuits; 
and 

means for comparing an output signal from the 
adder with a first and a second reference voltages 

35 to determine that the thickness of the coin is within 
a determined thickness range when the output sig- 
nal voltage from the resonator is between the first 
and the second reference voltages; and 
the pattern detecting means comprises: 

40 a circuit for detecting the pattern of the coin by 
comparing the output signal from the adder with a 
third reference voltage. 

11. A coin validator according to claim 10, 
wherein the first, second and third reference vol- 

45 tages are changed and set in accordance with a 
minimum fall voltage from the adder. 

12. A coin validator according to claim 10, 
wherein the pattern detecting means determines 
that the coin has a pattern when the output signal 

so voitage from the resonator crosses the predeter- 
mined reference waveform by at least predeter- 
mined times. 

13. A coin validator according to claim 10, 
wherein the pattern detecting means comprises: 

55 means for extracting a pulse waveform correspond- 
ing to a ruggedness of a pattern of the coin by 
comparing the output waveform of the adder and a 
delayed version of this output waveform; and 
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means for detecting the presence of the pattern of 
the coin in accordance with the number and width 
of pulses in this pulse waveform. 

14. A coin validator according to claim 9, 
wherein one if the first and the second sensor s 
electrodes is impressed with the output of the 
resonator and the other one of the first and the 
second sensor electrodes Is grounded. 

15. A coin validator according to claim 9, 
wherein the first and the second guard ring elec- w 
trodes are impressed with signals changing de- 
pending on changes in the signals applied to the 

first and the second sensor electrodes, respec- 
tively. 

16 



20 



25 



30 



35 



40 



46 



SO 



55 



EP 0 343 871 A2 



CD— 



amouiNoo 



aoioaiaa 

SS3NM0IH1 



unouio 

ONIAJU03U 



DC 



IU 

u. 
u. 

3 

m 



uoioaiaa 
Nuaiivd 



2 

± 



unouio 

ONIAJLL03U 




0 
I 



EP 0 343 871 A2 




FIG. 3 



EP 0 343 871 A2 



V 




FIG. 4 



V 




— 1 

FIG. 6 



v 




FIG. 7 

4 



EP 0 343 871 A2 



/ 

v/ //A CZ23 EZZZZJ 




\/ //A T77A 



FIG. 5 





FIG. 9 



EP 0 343 871 A2 




2 




FIG. 11 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 



\JLI LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




GRAY SCALE DOCUMENTS 



